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Description 
TECHNICAL FIELD 

s [0001 ] The present invention relates to an optical storage medium sucli as an optical disl( and a method tor produdng 
the optical storage medium, and more particularly, to a multilayer optical disic comprising a plurality of infonnation 
storage layers with guide grooves (tracic grooves). 

BACKGROUND ART 

.10 

[0002] With the widespread use of compact disks (CD), the optical disk has won a position of an Important storage 
medium. Readable/writable disks, such as CD-R and CD-RW disks, which can not only reproduce but also record 
information is also widely used. Research and development of optteal disks of higher density is at full blast in recent 
years. 

f 5 [0003] In increasing the recording density of an optical disk, not only increasing the recording density of one infor- 
mation storage layer but also increasing the number of infonmatkMi storage layers is effective. In DVD family, there is 
a read-only optteal disk that allows Information recorded on two Information storage layers to be read from one side. 
In addition to the read-only optteal disk having two Information storage layers, a readable/Writable optical disk having 
two information storage layers is also under development. 

20 [0004] With reference to Figure 1 , a configuration of a readableAwrltable optteal disk having two infonnation storage 
layers will be explained. 

[0005] The readableAvritable optical disk shown in Figure 1 has two.infomiation storage layers made of a phase 
chfuige material whose optical characteristic changes between amorphous and crystalline phases. On each infonnation 
storage layer, an amorphous pattern called "mark" is recorded by in-adiation with a laser beam. 
[0006] The optical disk in Figure 1 comprises a first substantially transparent substrate 201 having a track groove 
(groove) and a second substantially transparent substrate 205 having a track groove which are bonded to each other. 
A semi-transparent first information storage layer 202 is fonned on the first substantially transparent substrate 201, 
and a second information storage layer 204 is formed on the second substantially transparent substrate 205. Both 
substrates 201 and 205 are placed in such a way that the two information storage layers 202 and 203 face each other, 
30 and are bonded to each other by means of a substantially transparent bonding layer 203. The bonding layer 203 
functions as an intennediate layer that separates the first information storage layer 202 from the second infonnation 
storage layer 203. 

[0007] The track grooves of the respective information storage layers 202 and 204 wobbles at a predetenrnined 
frequency. When infomiation is recorded/reproduced, a readout signal having the frequency is detected and a clock 
35 signal Is generated. The clock signal is used to adjust the rotation speed of the disk with the read/Write speed of the 
disk apparatus. 

[0008] In such a multilayer optical disk, compared to the amount of light incident from the optical head of the disk 
apparatus upon the optical disk, the amount of light that returns from each infonnation storage layer to the photo- 
detection area of the optical head is quite small. This causes the readout signal obtained from the wobbling of the track 

40 grooves on the respective storage layers to become small. 

[0009] Furthermore, since the structure of the recording film (light transmittance and reflectance, etc.) differs from 
one information storage layer to another, the ratio of the amplitude of a readout signal to the noise level of the readout 
signal (CN ratio: Carrier to Noise Ratio) may vary considerably among a plurality of Information storage layers. In this 
case, it is difficult to reproduce the clock signal accurately based oh the wobbling shapes of the track grooves of the 

4S respective information storage layers. 

[0010] It is an object of the present invention to provide a multilayer optteal disk capable of reliably reproducing a 
clock signal based on wobbling shapes of track grooves of respective information storage layers. 

DISCLOSURE OF INVENTION 

so 

[001 1] The multilayer optical disk according to the present invention is a multilayer optical disk including a plurality 
of infomnation storage layers to/from which Information is recorded and/or reproduced by an optical head, wherein the 
plurality of information storage layers are stacked through intermediate layers, each infonnation storage layer includes 
a wobbling track groove, and shape factors of the track groove of at least one infomnation storage layer of the plurality 
ss of information storage layers are different from the shape factors of track grooves of other information storage layers. 
[0012] In a preferable embodiment, the shape factors of the track groove include a wobbling amplitude of the track 
groove along the radial direction of the disk, a depth of the track groove and/or a slope angle of the side wall of the 
track groove. 
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[001 3] In another preferable embodiment, a different value is given to any one of the shape factors of the track groove 
for each infonnation storage layer and the amplitude of a readout signal caused by the wobbling of the track groove 
is thereby adjusted. 

[001 4] in a further preferable embodiment, the shape factors of the track groove are adjusted in such a way that the 
5 CN ratios related to the amplitudes of the readout signals caused by the wobbling of the track grooves of the plurality 
of information storage layers have substantially the same values and variattons in the CN ratios are adjusted to within 
30% among the information storage layers. 

[001 5] In a further preferable embodiment, the wobbling of the track groove contains a basic frequency component, 
which oscillates in almost single cycle used for reproduction of a clock signal. 
10 [0016] In a further preferable embodiment, the wobbling of the track groove exhibits a shape that varies according 
to sub-infonnation and contains a higher frequency component than the basic frequency component. 
[001 7] in a further preferable embodiment, the sub-information contains positional information indicating addresses 
on the disk. 

[0018] In a further preferable embodiment, the wobbling shape of the track gretove includes a combination of a sine 
IS wave and/or generally rectangular wavefomn. 

[001 9] In a further preferable embodiment, the wobbling amplitude of the rectangular wavefomi is set to be greater 
than the wobbling amplitude of the sine wave. 

[0020] The method for producing a multilayer optical disk according to the present invention is a method for produdng 
a multilayer optical disk including a plurality of information storage layers comprising a mastering step of preparing a 

20 plurality of metal dies and a replicating step of producing a substrate onto which a desired pattern is transferred using - 
the plurality of metal dies and forming recordable/reproducible infomiation storage layers, wherein in the mastering 
step, a plurality of metal dies for the plurality of infomnation storage layers having a shape that specifies a track groove 
whose at least one shape factor differs from one information storage layer to another are produced. 
[0021] In a preferable embodiment, the mastering step includes a step of preparing a plurality of substrates to which 

2s a photosensitive material is applied, a recording step of fomiing a latent image of a pattem including the wobbling track 
groove by irradiating a selected area of the photosensitive material with recording light, a developing step of produdng 
a plurality of master disks having the above-described pattern by developing the photosensitive material, and a step 
of producing a plurality of metal dies based on the plurality of master disks, wherein in Uie recording step, the amount 
of deflection of the recording light along the radial direction of the disk is changed for each substrate and the amplitude 

30 of wobbling of the track groove is. thereby changed for each information storage layer. 

[0022] I n a preferable embodiment, the mastering step includes a step of preparing a plurality of substrates to which 
a photosensitive material is applied, a recording step of fomiing a latent image of a pattem including the wobbling track 
groove by irradiating a selected area of the photosensitive material with recording light, a developing step of produdng 
a plurality of master disks having the above-described pattern by developing the photosensitive materiaf, and a step 

35 of producing a plurality of metal dies based on the plurality of master disks, wherein In the recording step, the thtekness 
of photosensitive material is changed for each of the plurality of metal dies. 

[0023] In a preferable embodiment, the mastering step includes a step of preparing a plurality of subistrates to which 
a photosensitive material is applied, a recording step of fomiing a latent image of a pattem including the wobbling track 
groove by irradiating a selected area of the photosensitive material with recording light, a developing step of producing 
40 a plurality of master disks having the above-described pattern by developing the photosensitive material, and a step 
of producing the plurality of metal dies based on the plurality of master disks, wherein the slope angle of the side wall 
of the track groove is changed for each of the plurality of metal dies. 

[0024] In a preferable embodiment, the slope angle of the side wall of the track groove is changed by applying heating 

processing to the master disk after the developing step. 
45 [0025] in a preferable embodiment, the slope angle of the side wall of the track groove is changed by applying plasma 

processing to the metal die after the mastering step and before the replicating step. 

[0026] In a preferable embodiment, argon and/or oxygen is used for the plasma processing. 

[0027] In a preferable embodiment, the recording light is deflected according to a pattem combining a sine waveform 

and rectangular wavefomi in the recording step. 
so [0028] in a preferable embodiment, the amount of deflection of the recording light is changed between the sine 

waveform section and the rectangular waveform section. 

BRIEF DESCRIPTION OF DRAWINGS 
55 [0029] 

Figure 1 is a schematic view illustrating a structure of a conventional optical disk; 

Figure 2 is a schematic view illustrating a track groove of a multilayer optical disk according to the present invention; 
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Figure 3 illustrates details of the above-described track groove; 

Figure 4 is a cross-sectional view showing a structure of a first embodiment of a multilayer optbal disk according 
to the present invention; 

Figure 5 is a plan view illustrating wobbling patterns of track grooves of the first embodbnent; 
s Figure 6 is a perspective view illustrating wobbling patterns of the track groove of the first embodiment; 

Figure 7 is a process sectional view illustrating a method for producing the multilayer optical disk according to the 
first embodiment; 

Figure 8 is a process sectional view Illustrating a first replicating step according to the first embodiment; 
Figure 9 is a process sectional view Illustrating a second replkating step according to the first embodiment; 
10 Figure 10 is a cross-sectional view showing a structure of a second embodiment of a multilayer optical disk ac- 

cording to the present invention; 

Figure 11 is a graph illustrating a relationship between a depth of a track groove and a signal amplitude; 
Figure 12 is a cross-sectional view showing a structure of a third embodiment of a multilayer optical disk according 
to the present invention; 
IS Figure 1 3 is a plan view showing another example of track grooves; 

Figure 14(a) is a plan view showing wobble pattern elements; 

Figure 1 4(b) Is plan view illustrating 4 types of wobble pattems fomrted by combining the above-described elements; 
Figure 15 illustrates a bask: configuratton of an apparatus capable of identifying the type of a wobble pattem based 
on a wobble signal whose amplitude changes according to the wobbling of a track groove; 
20 Figure 16 is a waveform diagram showing a wobble pattern, wobble signal and pulse signal of a track groove; and 

Figure 17 illustrates a circuit configuration that separates a pulse signal and dock signal from a wobble signal. 

BEST MODE FOR CARRYING OUT THE INVENTION 

25 [0030] The multilayer optical disk according to the present invention can accurately reproduce a signal based on the 
wobbling of a track groove by changing shape parameters (shape factors) of the track groove for each Infomnation 
storage layer. 

[0031] With reference now to the attached drawings, a configuration of a track groove of the optical disk will be 
explained in detail below. 

3o [0032] On a recording plane 1 of the optical disk medium according to the present invention, a ti^ck groove 2 is 
fomned in a spiral shape as shown in Figure 2. Rgure 3 shows an enlarged view of part of the ti^ck groove 2. In Figure 
3, a disk center (not shown) exists below the track groove 2 and a disk radial direction is indicated by the arrow a. The 
arrow b points a direction in which a read/write light beam spot, being fonned on the disk, moves as the disk is rotated. 
In the following description, a direction parallel to the arrow a will be herein referred to as a " disk radial direction' (or 

35 " radial direction" simply), while a direction parallel to the arrow b wilt be herein referred to as a " tracking direction". 
[0033] In a coordinate system in which the light beam spot is supposed to be formed at a fixed position on the disk, 
a part of the disk in-adiated with the light beam (which will be herein referred to as a " disk irradiated part" ) moves in 
the direction opposite to the arrow b. 

[0034] Hereinafter, the X-Y coordinate system illustrated In Figure 3 will be considered. In an optical disk according 
40 to the present invention, the Y coordinate of a position on a side face 2a or 2b of the track groove changes periodically 
as the X coordinate thereof increases. Such a periodic positional displacement on the groove side face 2a or 2b will 
be herein referred to as the " wobble" or " wobbling" of the track groove 2. A displacement in the direction pointed by 
the arrow a will be herein referred to as a " radlally-outwardly displacement" , while a displacement in the direction 
opposite to the arrow a will be herein referred to as a " radially-inwardly displacement" . Also, in the Figure, one wobble 
45 period is identified by " T' . The wobble frequency is inversely proportional to one wobble period T and is proportional 
to the linear velocity of the light beam spot on the disk. 

[0035] In the illustrated example, the width of the track groove 2 is constant in the tracking direction (as indfcated by 
the arrow b). Accordingly, the amount to which a position on the side face 2a or 2b of the track groove 2 is displaced 
in the disk radial direction (as indicated by the arrow a) is equal to the amount to which a corresponding position on 

so the centerline of the ti-ack groove 2 (as indicated by the dashed line) is displaced in the disk radial direction. For this 
reason, the displacement of a position on the side face of the track groove in the disk radial direction will be herein 
simply referred to as the ' displacement of the track groove" or the" wobble of the track groove" . It should be noted, 
however, that the present invention is not limited to this particular situation where the centerline and the side faces 2a 
and 2b of the track groove 2 wobble to the same amount in the disk radial direction. Altematively, the width of the track 

55 groove 2 may change in the tracking direction. Or the centerline of the track groove 2 may not wobble but only the side 
faces of the track groove may wobble. 

[0036] The optical disk of the present invention comprises a plurality of information storage layers and the above- 
described wobbling track groove is formed on each infomnation storage layer. A main feature of the multilayer disk of 
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the present invention is that sliape factors of a track groove are not uniform but different from one information storage 
layer to another. 

[0037] Hereunder, embodiments in which three types of shape parameters of a tracic groove are adjusted will be 
explained more specifically. 

5 

(Embodiment 1 ) 

[0038] First, with reference to Figures 4 and 5. a first embodiment of the optical disic of the present Invention will be 
explained. 

10 [0039] As shown in Figure 4, the multilayer optical disic according to this embodiment is a multilayer optical disit 
including a plurality of information storage layers to/from which information is recorded and/or reproduced by an optical 
head. The plurality of information storage layers are staclced through intemiediate layers and each information storage 
layer has a surface with a wobbling track groove and a storage layer. Figure 5 shows how track grooves wobble. The 
width of the track groove is approximately 0.10 to 0.25 jim and the depth is approximately 10 to 25 nm. 

IS [0040] Figure 4 will be referenced again. More specifteally, the optical disk of this embodiment comprises a polycar- 
bonate sheet (80 nm thick) 301, afirst UVcure resin layer (lO^im thick) 302, a first semilransparent information storage 
layer (1 0 jim thick) 303, a second UV cur© resin layer (20 to 40 (un thick) 306, a second information storage layer 304 
and a polycarbonate substrate 305, in the order from the side on which the optical head is placed. 
[0041 1 The first UV cure resin layer 302 has track grooves with approximately 0.32 |un track pitches and pits fomied 

20 in the Inner area. Pit locations represent non-rewritable information. 

[0042] Both the first information storage Iayer303 and second infomriation storage layer 304 contain a phase change 
recording materials mainly composed of GeTeSb. 

[0043] The second U V cure resin layer 306 bonds the first infonnation storage layer 303 and second information 
storage layer 304, and also functions as an intemnediate layer that separates the two infonnation storage layers. 

25 [0044] On a first plane of the polycarbonate substrate 305. track grooves with approximately 0.32 jim pitches are 
fonned spirally or concentrically and non-rewritable pits are provided In the Inner area of the disk. 
[0045] Recording/reproduction of the second information storage layer 304 by irradiation with a laser beam is con- 
ducted through the first information storage layer 303. Thus, the first information storage layer 303 has a transmittance 
of approximately 50% with respect to the laser beam used for recording/reproduction. 

30 [0046] The various feature sizes such as thickness of each layer, width and depth of each track groove do not reflect 
their actual sizes. For example, the depth of the track groove is no more than a fraction of a wavelength of the laser 
beam used for recording/reproduction, while the thickness of the second UV cure resin layer 306 (that is, distance 
between the upper and lower information storage layers) ranges from several tens of times to even 100 times the 
above-described wavelength. 

35 [0047] A feature of the optical disk of this embodiment Is that the amplitude of wobbling of a track groove of the first 
infonnation storage layer 303 Is different from the amplitude of wobbling of a track groove of the second information 
storage layer 304. This point will be explained in more detail below. 

[0048] The track grooves of the respective information storage layers 303 and 304 wobbles in an almost sine wave- 
fonn at a single frequency as shown in Figure 5. A frequency of a clock signal is defined based on this frequency. That 
40 is, the wobbling frequency of a track groove represents clock infomnation. Here, the "amplitude of wobbling" of the 
track groove refers to the amplitude of wobbling measured along the disk radial direction. 

[0049] The above-described clock information Is reproduced by the optical head with a numerical aperture of 0.85, 
which emits a laser beam with a wavelength of 405 nm. More specifically, the laser beam reflected from the optical 
disk is detected by a photo-detection area divided into two portions to the right and left with respect to the track direction 

45 to produce a difference between the two signals (push-pull signal). This push-pull signal is used to control an optical 
pickup in such a way that a laser beam spot keeps track of the track groove. The push-pull signal includes a frequency 
component that follows the wobbling of the track groove, but the frequency band of the wobbling is higher than the 
frequency band of the signal component, which is important in tracking control. Thus, applying appropriate filtering to 
the push-pull signal makes it possible to separate/detect the clock information. It is possible to provide a portion where 

so the track groove breaks at some region of the track groove to record Information other than the clock information in 
that portion. 

[0050] In this embodiment, as shown In Figure 6, the two infomiation storage layers have Identical pitches of track 
grooves (track pitches), but the amplitude of wobbling W1 of the track groove of the first information storage layer 303 
and the amplitude of wobbling W2 of the track groove of the second information storage layer 304 are different. 
55 [0051] As a comparative example, assuming that the amounts of wobbling of the respective infomiation storage 
layers W1 and W2 are equivalent to approximately 4% of the pitch of the track groove, the ratio of the intensity of the 
reflected light which is reflected by the first infonnation storage layer 303 and detected by the photo-detection area of 
the optical head to the intensity of the laser light incident from the optical head was approximately 7%, while the ratio 



5 



EP 1 333 430 A1 



of the intensity of the reflected light which is reflected by the second Information storage layer 304 and detected by the 
photo-detection area of the optical head was approximately 5%. 

[0052] Furthemriore, when data in the second infomriaition storage layer 304 is recorded/reproduced, since the first 
information storage layer 303 exists in the path of the laser beam, an optical signal reflected by the second infomiation 
s storage layer 304 includes noise caused by the presence of the first information storage layer 303. 

[0053] Thus, when the intensity of the reflected light from the second information storage layer 304 decreases and 
noise increases, the CN ratio of the reproduced signal decreases. Furthennore, reading the clocic infomiation based 
on the wobbling of the track groove satisfactorily requires a CN ratio of 30 dB or more. A relationship between the 
ampntude of wobbling of the track groove W and the CN ratio Is shown In Table 1 . 

10 

ITable 1] 





Amount of wobbling 10 nm 


Amount of wobbling 1 5 nm 


1 St infomnatton storage layer (W1 ) 
2nd infomiation storage layer (W2) 


33 dB 
28 dB 


33 dB 



[0054] As is appreciated from Table 1 , when both the amplitude of wobbling of the track groove W2 of the second 
Jnfomnatlon storage layer 304 and the amplitude of wobbling of wobbling of the track groove W1 of the first Infomiation 
storage layer 303 were equally set to 1 0 nm, the ON ratio of the signal reproduced from the second infomiation storage 
20 layer 304 fell below 30 dB. However, when the amplitude of wobbling W1 was set to 10 nm and the amplitude of 
wobbling W2 was set to 1 5 nm, the CN ratio of 33 dB was obtained for the signals reproduced from both information 
storage layers. 

[0055] If there is a considerable difference in the amount of light reflected by the respective Infomiation storage 
layers and detected by the photo-detection area of the optical head depending on the information storage layers, a 

25 problem occurs when the focal point of the optical head is moved between the two information storage layers when 
reading/writing data to/from different infomiation storage layers. To avoid this problem, it is desirable to adjust the 
amount of the detected light In such a way that the amount of light with respect to the Information storage layer where 
the amount of the detected light reaches a maximum is not more than twice the amount of the light with respect to the 
infomiation storage layer where the amount of the detected light reaches a minimum. 

30 [0056] It is preferable to adjust a variation in the CN ratio with respect to the amplitude of the reproduced signal 
caused by the wobbling of the track groove to within 30% between the infomiation storage layers. 
[0057] Then , the method of producing the multilayer optical disk of this embodiment will be explained with reference 
to Figure 7. 

[0058] Rrst, a first glass substrate (thickness: for example, approximately 6 mm) 501 and a second glass substrate 
35 (thickness: for example, approximately 6 mm) 502 are cleaned. Then, a first master disk 503 with a photoresist (thtek- 
ness: approximately 10 to 40 mm) applied onto the first glass substrate 501 and a second master disk 504 with a 
photoresist (thickness: approximately 10 to 40 mm) applied onto the second glass substrate 502 are prepared. The 
photoresists formed on the glass substrates 501 and 502 have substantially the same thickness. 
[0059] Then, recording/developing steps of transfening predetermined pattems to the two master disks 503 and 504 
40 are conducted. More specifically, a laser beam with a wavelength of 248 nm is focused on the photoresist for exposure. 
While rotating the master disks 503 and 504, the position of the beam spot of the laser light on the photoresist is 
displaced in a radial direction of the disk. This periodical displacement is produced by deflecting the laser beam, in 
this way, a pattern of a wobbling track groove is transferred to the photoresist. By the way, modulating the intensity of 
the laser beam makes it possible not only to stop the fonnation of the track groove but also to control a physical shape 
45 such as the width of the track groove. Thus, a desired pattern Including the track groove Is transf ered to the photoresist 
as a latent Image. Then, the predetermined pattern is given to the photoresist after development and a first master 
disk 505 and second master disk 506 are produced. 

[0060] A Ni thin film is deposited on the master disks 505 and 506 using a sputtering method. Then, Ni electrofomriing 
is performed using the Ni thin film as an electrode and a Ni layer of approximately 300 jim in thickness is formed. After 
so removing the Ni layer from the master disks 505 and 506, the photoresist adhered to the Ni layer is removed and the 
back of the Ni layer is polished. Unnecessary parts that define the inner diameter and outer diameter of the disk are 
punched out from this Ni layer and a first stamper 507 and a second stamper 508 that function as metal dies of the 
optical disk are produced (mastering step). 

[0061] Then, a first substrate 509 on which a first information storage layer is fonned Is produced using the first 
55 stamper 507. This step (first replicating step) will be explained with reference to Figure 8. 

[0062] Rrst, a polycarbonate substrate master 601 will be produced by injection nnolding using the first stamper 507. 
A concavo-convex pattern of the first stamper 507 is transferred to the surface of the substrate master 601 . An aluminum 
film is deposited on the pattern transferred surface of the substrate master 601 using the sputtering method. 
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[0063] On the other hand, a circular sheet 602 made of a polycarttonate sheet of approximately 80 ^m in thickness 
is prepared and UV cure resin is discharged onto this circular sheet 602 in a doughnut shape. 
[0064] Then , the circular sheet 602 is laid on the substrate master 601 with the surface on which the aluminum film 
is formed facing the circular sheet 602. By rotating the substrate master 601 , the extra UV cure resin is removed by a 
s centrifugal force. Thus, the thickness of the UV cure resin between the sulistrate master 601 and the sheet 602 is 
adjusted to approximately 10 ^m. 

[0065] After hardening the UV cure resin by irradiation with ultraviolet rays, the hardened UV cure resin and the 
sheet 602 are removed from the substrate master 601 . The U V cure resin and the sheet film 602 are bonded to constitute 
a sheet substrate 603. On the'surface of this sheet substrate 603. the pattern of the first stamper 507 Is transferred. 

10 [0066] On the pattern transferred surface of the sheet substrate 603, a first dielectric film (thickness: approximately 
50 to 1000 nm) 604, a recording film (thickness: approximately 3 to 50 nm) 605, a second dielectric film (thickness: 
approximately 50 to 1000 nm) 606 and a metal reflecting film (thickness: approximately 0 to 40 nm) 607 are stacked 
in that order. The metal reflecting film 607 can be omitted. Both the first dielectric film 604 and second dielectric film 
606 are made of a material predominantly composed of ZnS and the recording film 605 is fomned of a phase change 

IS recording material predominantly composed of GeTeSb. The metal reflecting film 607 Is made of an Ag alloy film and 
has a thickness, whk:h makes it semi-transparent to the laser beam used for recording/reproductton. Ail the layers that 
constitute this muttiiayer (Infomnation recording film) are preferably deposited using a sputtering method. 
[0067] The recording film 605 formed using the sputtering method is in an amorphous state immediately after film 
fonnation. To initialize the recording film 605, a laser beam is focused and incident upon the recording film 605 to 

20 crystallize the recording film 605. The first substrate 509 is produced in this way. 

[0068] Then, a second substrate 510 will be produced using the above-described second stamper 508. This step 
(second replicating step) will be explained with reference to Figure 9. 

[0069] Rrst. a polycarbonate substrate master 701 of af^roximately 1 . 1 mm in thickness will be produced t>y injection 
molding using the second stamper 508. A concavo-convex pattem of the second stamper 508 is transferred to the 
surface of the substrate master 701 . 

[0070] On the pattem transferred surface of the substrate master 701 , a metal reflecting film 705, a second dielectric 
film 704, a recording film 703 and a first dielectric film 702 are stacked in that order. These multilayers (infonnation 
recording films) are preferably formed using a sputtering method. 

[0071] The metal reflecting film 705 is made of a metal film predominantly composed of aluminum and the first 
30 dielectric film 702 and the second dielectric film 704 are f omned of af ilm predominantly composed of ZnS. The recording 
film 703 is formed of a phase change recording material mainly composed of GeTeSb. All these layers constituting the 
multilayer (information recording film) are preferably deposited using the sputtering method. 

[0072] As In the case with the first substrate, a laser beam is condensed and irradiated onto the recording film 703 
to crystallize and initialize the recording film 703. The second substrate 510 is produced in this way. 

35 [0073] Figure 7 wlil be referenced again. 

[0074] UV cure resin is discharged concentrically onto the surface on which the infomnation storage layer of the first 
substrate 509 is formed. Then, the substrate with the first information storage layer Is laid on the substrate 510 with 
the second infonnation storage layer in such a way that the surface on which the infonnation storage layer of the 
substrate 510 is formed faces the substrate with the first information storage layer. By rotating these substrates and 

40 shaking ofl the extra U V cure resin by a centrifugal force, the thickness of the UV cure resin Is adjusted to approximately 
20 to 40 |Am. 

[0075] By hardening the UV cure resin by irradiation with ultraviolet rays, both substrates are bonded together and 
an intermediate layer for separating both Infonnation storage layers is formed. The multilayer optical disk 511 having 
two Information storage layers is formed in this way. 
45 [0076] By the way, the figure shows that the position of the track groove of the upper infonnation storage layer 
perfectly aligns with the position of the track groove of the lower information storage layer, but this is not required in 
practice. Since tracking control is performed for each infomnation storage layer, the positions of track grooves need 
not have a specific relationship with each other among different information storage layers. 

[0077] This embodiment requires that the amplitude of wobbling of a track groove should differfrom one information 
so storage layerto another. Thus, the amount of deflection of the laser beam is differentiated between the step of recording 
a track groove pattern on the photoresist on the first master disk 505 and the step of recording a track groove pattern 
on the photoresist on the second master disk 506. IVIore specifically, the amount of deflection of the laser beam is 
adjusted for the first master disk 505 so that the amplitude of wobbling shown In Figure 6 becomes W1. In contrast, 
the amount of deflection of the laser beam is adjusted for the second master disk 506 so that the amplitude of wobbling 
ss shown in Figure 1 becomes W2 W1). This gives the first substrate 509 with the amplitude of wobbling of the track 
groove adjusted to W1 and the second substrate 510 with the amplitude of wobbling of the track groove adjusted to W2. 
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(Embodiment 2) 

[0078] With reference to Figure 10, a second embodiment of the multilayer optical disk according to the present 

invention will be explained. 

s [0079] The multilayer structure of the multilayer optical disk according to this embodiment is substantially identical 
to that of the multilayer optical disk according to the first embodiment. However, In the case of the optical disk of this 
embodiment, the depth D1 of a track groove of a first infonnatlon storage layer 801 is different from the depth D2 of a 
track groove of a second information storage layer 802. 

[0080] Rgure 11 is a graph showing a relationship between the amplitude of a readout signal and the depth of the 
f 0 track groove originated from the wobbling of the track groove assuming that the wavelength of a laser beam emitted 
from the optical head is X. The depth of the track groove is converted to an optical path length. As is apparent from 
the graph in Figure 11 , the amplitude of the readout signal reaches a maximum when the depth of the track groove Is 
X/8 and the amplitude of the readout signal decreases as the depth approximates to X;4. The depth D1 of the track 
groove of the first infomiation storage layer and the depth D2 of the track groove of the second Information storage 
^5 layer are preferably set to X/8 or less. 

[0081] in the case of a multilayer optical disk, there is a tendency that noise included In the readout signal from the 
second infomiation storage layer 802 becomes greater than noise Included In the readout signal from the first Infor- 
mation storage layer 801 . Assuming that the depth of the track groove D1 = the depth D2 of the track groove, the ratio 
of Intensity of the laser beam reflected by the first information storage layer 801 and detected by the photo-detection 
20 area to the intensity of the incident laser beam output from the optical head is approximately 7%, whereas the proportion 
of intensity of the laser beam reflected by the second infomnation storage layer 802 and detected by the photo-detection 
area is approximately 5%. 

[0082] A CN ratio when the optical head with a numerical aperture of 0.85 that emits a laser beam with a wavelength 
of 405 nm is used to perfomi recording/reproduction is shown in Table 2. The required CN ratio is 30 dB or greater. 

25 



[Table 2] 





Depth 16 nm 


Depth 1 8 nm 


1st infomnation storage layer (D1) 
2nd information storage layer (D2) 


33 dB 
27 dB 


31 dB 



[0083] As is apparent from Table 2, by making the depth D2 of the track groove of the second infomiation storage 
layer 802 by approximately 1 0 to 20% greater than the depth D1 of the track groove of the first infomnation storage 
layer 801, almost the same CN ratio of 30 dB or more was obtained for both infomiation storage layers. When the 

35 amount of light reflected by the Information storage layer and detected by the photo-detection area of the optical head 
varies considerably depending on the Infomnation storage layer, a problem occurs when the focus of the optical head 
is moved between the two infomiation storage layers when recording/reproduction Is perfomned on different infomnation 
storage layers. To avoid this problem, it is preferable to adjust the amount of light corresponding to the information 
storage layer whose amount of light detected becomes a maximum to not more than two times the amount of light 

40 corresponding to the information storage layer whose amount of light detected becomes a minimum. 

[0084] Then, a method of producing a multilayer optical disk according to this embodiment will be explained. This 
method of producing a multilayer optical disk is substantially the same as the method of producing a multilayer optical 
disk according to the first embodiment. This embodiment is different in that the thicknesses of photoresists formed on 
the first master disk and second master disk are set to D1 and D2 D1), respectively. 

45 [0085] By the way, it is also possible to change the depth of the track groove for each Infomiatton storage layer by 
making the thickness of the photoresist applied to the respective master disks greater than the depth of a desired track 
groove and changing the Intensity of the laser beam in the exposure step between the two master disks. 

(Embodiment 3) 

50 

[0086] With reference to Figure 12, a third embodiment of the multilayer optical disk according to the present invention 
will be explained. 

[0087] The multilayer structure of the multilayer optical disk according to this embodiment is substantially the same 
as that of the multilayer optical disk according to the first embodiment. However, in the case of the optical disk of this 
55 embodiment, an angle A1 of the side wall of the track groove of a first information storage layer 1001 is different from 
an angle A2 of the side wall of the track groove of a second information storage layer 1002. 

[0088] The signal of the track groove detected at the optrcal head is obtained when the reflected light of the track 
groove interferes with the light refracted by the track groove on the photo-detection area of the optical head. When the 
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angle of the side wall of the track groove Increases, this Interference state changes, consequently having the effect 
equivalent to the effect produced from the shallower track groove. 

[0089] Assuming that the angle A1 of the side wall of the track groove = the angle A1 of the side wall of the track 
groove, the proportion of intensity of the light reflected by the first infomnation storage layer 1001 and detected by the 
s photo-detection area to the intensity of the light incident from the optical head was approximately 7%, whereas the 
proportion of intensity of the light reflected by the second information storage layer 1002 and detected by the photo- 
detection area was approximately 5%. 

[0090] Assuming that the depth of the track groove In the respective Infomnatlon storage layers is 1 7 nm, a CN ratio 
when the optical head with a numerical aperture of 0.85 that emits a laser beam with a wavelength of 405 nm Is used 
10 to perfonm recording/reproduction is shown In Table 3. The required CN ratio is 30 dB or greater. 



[Table 3] 





Angle 45" 


Angle 60° 


1 St infonnatlon storage layer (A1) 
2nd information storage layer (A2) 


38 dB 
33 dB 


33 dB 



[0091] As is apparent from Table 3, by making the slope angle A1 of the side wall of the track groove of the first 
infomnatlon storage layer 1001 by approximately 15 degrees greater than the slope angle A2 of the side wall of the 
20 track groove of the second infomriation storage layer 1002, it was possible to obtain almost the same CN ratio (33 dB) 
as that of the readout signal from the second infomiation storage layer 1002. Thus, almost the same CN ratio of 30 
dB or more was obtained for the readout signals from both Information storage layers. 

[0092] When the amount of light reflected by the infomiation storage layer and detected by the photo-detection area 
of the optical head varies considerably depending on the information storage layer, a problem occurs when the focus 

25 of the optical head is moved between the two information storage layers when recording/reproduction is performed on 
different infomnation storage layers. To avoid this problem, it is preferable to adjust the amount of light corresponding 
to the information storage layer wtiose amount of light detected becomes a maximum to not more than two times the 
amount of light corresponding to the infomnation storage layer whose amount of light detected becomes a minimum. 
[0093] Then, a method of producing a multilayer optical disk according to this embodiment will be explained. This 

30 method of producing a multilayer optical disk is substantially the same as the method of producing a multilayer optical 
disk according to the first embodiment, i-lowever, this embodiment heats the master disk at a temperature close to the 
melting point of the photosensitive material (e.g., approximately 120°C) for several minutes between the step of ex- 
posure and development and the step of plating on the photoresist, in this heating step, the surface of the photoresist 
is soften and the surface region of the photoresist is rounded by surface tension. Adjusting this temperature of heating 

35 processing and/or time of heating processing allows the angle of the side wall of the track groove of the master disk 
to be controlled. 

[0094] Even after producing the stamper, exposing the stamper to the plasma of an Ar gas allows the angle of the 
side wall of the track groove to be changed. This is because the plasma processing allows an electric field to concentrate 
on the corners of the track groove and allows the comers to be sputtered ahead of other parts and rounded. The 

40 variation in the shape of the comets through this processing depends on the time of plasma processing and state of 
plasma (ion density and ion irradiation energy). Thus, changing the time of plasma processing and power applied used 
for plasma generation from one stamperto another also makes it possible to produce a multilayer optical disk according 
to this embodiment. Furthemnore, it is also possible to generate plasma using another gas (e.g., oxygen gas) instead 
of the above-described Ar gas or In addition to the Ar gas. 

45 [0095] In the aforementioned embodiments, shape parameters such as the amplitude of wobbling of the track groove, 
the depth and the side wail angle of the track groove are adjusted so as to reduce noise of the second information 
storage layer. However, noise of the first infonriation storage layer may also increase depending on the structure or 
method of producing a multilayer optical disk, in such a case, it Is also possible to adjust the shape parameters of the 
track groove so as to reduce noise of the first information storage layer. Moreover, it is possible not only to wobble both 

50 sides of the track groove but also to wobble each side independently or wobble only one side. 

(Embodiment 4) 

[0096] The wobbling of a track groove need not be constructed of sine waveforms alone. Part of the wobbling can 
55 also be changed to a rectangular wavefomi as shown in Figure 13. Giving features distinguished from a sine waveform 
to the track groove allows information other than clock infomnation (sub-infomnation such as address information) to 
be recorded in the track groove. Making the amount of amplitude of the rectangular waveform greater than the amount 
of amplitude of the sine wavefomn allows the sub- information to be detected with high quality. 
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[0097] In order to give the shapes as shown in Rgura 13 to the track groove, it is possible to expose the above- 
described photoresist to light using a deflector (e.g., deflector using electro-optical effects) that allows a laser beam to 
be deflected in a frequency band not smaller than 10 times a sine wavefomi frequency. 

[0098] Hereunder, the optical disk specified by a combination of displacement patterns of a plurality of types of track 

5 groove wobbling structure will be explained in detail with reference to the drawings. - 

[0099] The surface shape of the track groove accordingtothis embodiment not only comprises simple sine waveforms 
as shown In Figure 3 or Figure 5 alone, but also has a portion in the shEipe different from a sine wavefomn at least 
partially. The baste configuration of such a wobbled groove is disclosed In the Specifications of the patent appiteatlons 
filed by the present applicant (Japanese Patent Applteatlon No. 2000-6593, Jeipanese Patent Applteatlon No. 

10 2000-1 87259 and Japanese Patent AppHcation No. 2000-31 9009). 

[0100] Here, Figure 14(a) and Rgure 14(b) will be referenced. Figure 14(a) illustrates the four types of basic elements 
that make up a wobble pattern of the track groove 2. In Rgure 14(a), smooth sine wavefomn portions 100 and 101, a 
rectangular portion 102 with a steep radiaty-outward displacement and a rectangular portion 103 with a steep radially- 
Inward displacement are shown. By combining these elements or portions with each other, the four types of wotible 

IS patterns 1 04 through 107 shown in Figure 1 4(b) are formed. 

[0101] The wobble pattern 104 is a sine wave with no rectangular portions. This pattem will be herein refen-ed to as 
a ' fundamental wavefonn* . It should be noted that the " sine wave' is not herein limited to a perfect sine curve, but 
may broadly refer to any smooth wobble. 

[0102] The wobble pattem 105 includes portions that are displaced toward the disk outer perfihery more steeply 
20 than the sine wavefomn displacement Such portions will be herein referred to as " radialy-outward displaced rectangular 
portions" . 

[0103] In an actual optical disk, it is difficult to realize the displacement of a track groove in the disk radial direction 
vertically to the tracking direction. Accordingly, an edge actually formed is not perfectly rectangular. Thus, in an actual 
optlcal disk, an edge of a rectangular portion may be displaced relatively steeply compared to a sine waveform portion 
2S and does not have to be perfectly rectangular. As can also be seen from Figure 14(b), at a sine wavefomi portion, a 
displacement from the innermost periphery toward the outennost periphery Is completed In a half wobble period. As 
for a rectangular portion, a similar displacement may be finished in a quarter or less of one wobble period, for example. 
Then, the difference between these shapes is easily distinguishable. 

[01 04] It should be noted that the wobble pattern 1 06 is characterized by radially-inward displaced rectangles while 
30 the wobble pattem 1 07 is characterized by both " radially-inward displaced rectangles" and " radially-outward displaced 
rectangles" . 

[0105] The wobble pattem 104 consists of the fundamental waveform alone. Accordingly, the frequency components 
thereof are defined by a " fundamental frequency" that is proportional to the inverse number of the wobble period T. In 
contrast, the frequency components of the other wobble patterns 105 through 107 include not only the fundamental 
35 frequency components but also high-frequency components. Those high-frequency components are generated by the 
steep displacements at the rectangular portions of the wobble patterns. 

[0106] If the coordinate system shown in Figure 3 is adopted for each of these wobble patterns 105 through 107 to 
represent the Y coordinate of a position on the track centeriine by a function of the X coordinate thereof, then the 
function may be expanded into Fourier series. The expanded Fourier series will include a term of a sin function having 

40 an oscillation period shorter than that of sin (2rt x/T), i.e., a harmonfc component. However, each of these wobble 
pattems includes a fundamental wave component. The frequency of the fundamental waveform will be herein referred 
to as a " wobble frequency" . The four types of wobble patterns described above have a common wobble frequency. 
[01 07] 1 n the present Invention, Instead of writing address Infonnation on the track groove 2 by modulating the wobble 
frequency, the multiple types of wobble patterns are combined with each other, thereby recording various types of 

45 infonnation, including the address information, on the track groove. More specifically, by allocating one of the four types 
of wobble pattems 104 through 107 to each predetermined section of the track groove, four types of codes (e.g., ' B" , 
" S" , " O" and " 1" , where ° B" denotes block information, " S" denotes synchronization information and a combination 
of zeros and ones represents an address number or an error detection code thereof) may be recorded. 
[01 08] Next, the fundamentals of an inventive method for reading information, which has been recorded by the wobble 

50 of the track groove, from the optical disk will be described with reference to Figures 15 and 16. 
[0109] Rrst, Figures 15 and 1 6 wilt be refen-ed to. 

[0110] Figure 15 illustrates a main portion of a repnsducing apparatus, while Figure 1 6 illustrates a relationship be- 
tween the track groove and a read signal. 

[0111] The track groove 1200 schematically illustrated in Figure 16 is scanned by a read laser beam 1201 so that 
55 the spot thereof moves in the arrowed direction. The laser beam 1 201 is reflected from the optical disk to form reflected 
light 1202, which is received at detectors 1203 and 1204 of the reproducing apparatus shown in Figure IS.The detectors 
1203 and 1204 are spaced apart from each other in a direction corresponding to the disk radial direction and each 
output a voltage corresponding to the intensity of the light received. If the position at which the detectors 1203 and 
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1204 are irradiated with the reflected light 1202 (I.e., the position at which the light Is received) shifts toward one of 
the detectors 1203 and 1204 with respect to the centerline that separates the detectors 1203 and 1204 from each 
other, then a difference Is created between the outputs of the detectors 1203 and 1204 (which is ' differential push- 
pull detection" ). The outputs of the detectors 1203 and 1204 are input to a differential circuit 1 205, where a subtraction 

5 Is carried out on them. As a result, a signal corresponding to the wobble shape of the groove 1 200 (i.e. , a wobble signal 
1206) is obtained. The wobble signal 1206 is input to, and differentiated by, a high-pass filter (HPF) 1207. As a result, 
the smooth fundamental components that have been included In the wobble signal 1206 are attenuated and instead 
a putee signal 1208, Including pulse components con-esponding to rectangular portions with steeps gradients, is ob- 
tained. As can be seen from Figure 16, the polarity of each pulse In the pulse signal 1208 depends on the direction of 

>o its associated steep displacement of the groove 1 200. Accordingly, the wobble pattern of the groove 1200 is Identifiable 
by the pulse signal 1 208. 

[0112] Next, refen-ing to Rgure 17, illustrated is an exemplary circuit configuration for generating the pulse signal 
1208 and a dock signal 1209 from the wobble signal 1206 shown in Figure 16. 

[0113] In the exemplary configuration illustrated in Figure 17, the wobble signal 1206 is input to first and second 
IS bandisass filters BPF1 and BPF2, which generate the pulse and clock signals 1208 and 1209, respectively. 

[01 1 4] Supposing the wobble frequency of the track is fw (Hz), the first band-pass filter BPF1 may be a filter having 
such a characteristic that the g^n (I.e., transmlttance) thereof reaches Its peak at a frequency of 4 fw to 6 fw (e.g., 5 
fw). In a filter like this, the gain thereof preferably increases at a rate of 20 dB/dec, for example. In a range from low 
frequencies to the peak frequency, and then decreases steeply (e.g., at a rate of 60 dB/dec) In a frequency band 
20 exceeding the peak frequency. In this manner, the first band-pass filter BPF1 can appropriately generate the pulse 
signal 1208, representing the rectangularly changing portions of the track wobble, from the wobble signal 1206. 
[0115] On the other hand, the second band-pass filter BPF2 has such a filtering characteristte that the gain thereof 
is high in a predetemnined frequency band (e.g., in a band ranging from 0.5 fw to 1 .5 fw and including the wotible 
frequency fw at the center) but is small at the otherfrequencies. The second band-pass filter BPF2 like this can generate 
2S a sine wave signal, having a frequency corresponding to the wobble frequency of the track, as the dock signal 1209. 
[01 1 61 The track groove in this embodiment has the aforementioned complicated wobble shape, and therefore If the 
CN ratio of the signal reproduced from one of the two infonnation storage layers is reduced compared to the CN ratio 
of the signal reproduced from the other, neither a clock signal nor address Information, etc., may be reproduced ac- 
curately. 

30 [0117] Thus, as explained with respect to Embodiments 1 to 3, by adjusting tho shape factors of the track groove 
layer by layer, it is possible to optimize the CN ratio of the readout signal. 

[0118] The present invention is not limited to a multilayer optical disk having two infomnation storage layers, but is 
also applicable to a multilayer optical disk having three or more infonnation storage layers. Furthemiore, the shape 
factors of the track groove are not limited to the aforementioned elements and the method of changing each shape 
35 factor Tor each infonnation storage layer Is not limited to the aforementioned method, either. IV/loreover. the combination 
of a plurality of shape factors explained in Embodiments 1 to 3 can also be changed for each infomnation storage layer. 

INDUSTRIAL APPLICABILITY 

40 [0119] The present invention provides a type of multilayer optical disk which records information in the wobbling of 
track grooves, changes elements of changing the amplitude of a signal with respect to the degree of modulation of the 
signal according to the wobbling of the track groove, that is, the amplitude of the signal with respect to the amount of 
reflected light (shape factors of the track groove) for each Infonnation storage layer, and can thereby read the Infor- 
mation recorded according to the wealing of the track groove at a satisfactory CN ratio. 



1. A multilayer optical disk comprising a plurality of information storage layers to/from which information is recorded 
so and/or reproduced by an optical head, 

wherein said plurality of information storage layers are stacked through intermediate layers, 

each Information storage layer includes a wobbling track groove, and 

shape factors of the track groove of at least one infornr>ation storage layer of said plurality of information storage 
layers are different from shape factors of track grooves of other infomnation storage layers. 

2. The multilayer optical disk according to claim 1 , 

wherein the shape factors of said track groove include: 
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a wobbling amplitude of said track groove along the radial direction of the disk; 
a depth of the track groove; and/or 
a slope angle of the side wall of said track groove. 

The multilayer optical disk according to claim 2, 

wherein a different value is given to any one of the shape factors of said track groove for each infonnation 
storage layer whereby the amplitude of a readout signal caused by the wobbling of said track groove is adjusted. 

The multilayer optical disk according to claim 3, 

wherein the shape factors of said track groove are adjusted in such a way that the CN ratios related to the 
amplitudes of the readout signal caused by the wobbling of said track grooves of said plurality of information storage, 
layers have substantially the same values whereby variations in the CN ratios are adjusted to within 30% among 
the information storage layers. 

The multilayer optical disk according to any one of claims 1 to 4, 

wherein the wobbling ot said track groove contains a basic frequency component, which oscillates in an 
almost single cycle used for reproduction of a ctock signal. 

The multilayer optical disk according to claim 5, 

wherein the wobbling of said track groove exhibits a shape that varies according to sub-information and 
contains a higher frequency component than said bask: frequency component. 

The multilayer optical disk according to claim 6, 

wherein said sub-information contains positional information indicating addresses on the disk. 

The multilayer optical disk according to claim 7, 

wherein the wobbling shape of said track groove Includes a combination of a sine wave and/or rectangular 
waveform. 

The multilayer optical disk according to claim 8, 

wherein the wobbling amplitude of said rectangularwavefonn Is set to be greater than the wobbling amplitude 
of the sine wave. 

10. A method for producing a multilayer optical disk Including a plurality of information storage layers, comprising: 

35 

a mastering step of preparing a plurality of metal dies; and 

a replicating step of producing a substrate onto whldi a desired pattern is transferred using said plurality of 
metal dies and fomning recordableA'eproducible infomnation storage layers, 

40 wherein in said mastering step, a plurality of nrtetal dies for said plurality of information storage layers having 

a shape that specifies a track groove whose at least one shape factor differs from one information storage layer 
to another are produced. 

11. The method for producing a multilayer optical disk according to claim 10, 
45 wherein said mastering step comprising: 

a step of preparing a plurality of substrates to which a photosensitive material is applied; 
a recording step of forming a latent image of a pattern including a wobbling track groove by Irradiating a 
selected area of said photosensitive material with recording tight; 
^ a developing step of producing a plurality of master disks having said pattern by developing said photosensitive 

material; and 

a step of producing said plurality of metal dies based on said plurality of master disks, and 
in said recording step, the amount of deflection of said recording light along the radial direction of the disk is 
changed for each substrate and the amplitude of wobbling of said track groove is thereby changed for each 
55 information storage layer. 

12. The method for producing a multilayer optical disk according to claim 10, 

wherein said mastering step comprising: 
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a step of preparing a plurality of substrates to which a photosensitive materied is appiled; 

a recording step of forming a latent image of a pattern including a wobbling tracic groove by irradiating a 

selected area of said photosensitive material with recording light; 

a developing step of producing a plurality of master disks having said pattern by developing said photosensitive 

material; and 

a step of producing said plurality of metal dies based on said plurality of m£ister disks, and 

in said recording step, the thtekness of said photosensitive material is changed for each of said plurality of 

metal dies. 

13. The method for producing a multilayer optical disk according to claim 10, 

wherein said mastering step comprising: 

a step of preparing a plurality of substrates to which a photosensitive material is applied; 

a recording step of fomriing a latent image of a pattem including a wobbling track groove by irradiating a 

selected area of said photosensitive material with recording light; 

a developing step of producing a plurality of master disks having said pattern by devetoping said photosensithre 
material; and 

a step of producing said plurality of metal dies based on said plurality of master disks, and 

the slope angle of the side wall of said track groove is changed for each of said plurality of metal dies. 

14. The method for producing a multilayer optical disk according to claim 13, 

wherein the slope angle of the side wall of said track groove is changed by applying heating processing to 
said master disk after said developing step. 

15. The method for producing a multilayer optical disk according to claim 13, 

wherein the slope angle of the side wall of said track groove Is changed by applying plasma processing to 
said metal die after said mastering step and before said replicating step. 

16. The method for producing a multilayer optical disk according to claim 15, 

wherein argon and/or oxygen is used for said plasma processing. 

17. The method for producing a multilayer optical disk according to any one of claims 1 0 to 1 6, wherein said recording 
light is deflected according to a pattern combining a sine waveform and rectangular wavefonrt in said recording step. 

18. The method for producing a multilayer optical disk according to claim 17, 

wherein the amount of deflection of said recording light is changed between said sine waveform section and 
said rectangular waveform section. 
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